We investigated the efficacy of clonazepam as an antiemetic in cisplatin-based chemotherapy for lung cancer. Seven patients experienced cisplatin-induced vomiting despite antiemetic therapy including 5-hydroxytryptamine 3 (5-HT 3 ) antagonist and dexamethasone. Therefore, the antiemetic therapy including clonazepam, 5-HT 3 antagonist and dexamethasone was subsequently explored in the next course for the same seven patients. We administered clonazepam (0.5 or 1.0 mg/kg) once a day orally for 5 d from day one prior to chemotherapy. The grade of delayed vomiting, evaluated according to Common Terminology Criteria for Adverse Events Version 3.0, in the courses of therapy with clonazepam was significantly lower than without clonazepam (p‫.)310.0؍‬ The patients whose serum clonazepam concentrations were below the lower limit of detection (3.0 ng/ml) experienced vomiting in three of three courses, whereas the patients whose serum clonazepam concentrations were higher than 4.3 ng/ml experienced no vomiting in six of seven courses. We observed that the symptom of cisplatininduced delayed vomiting is controlled with serum clonazepam levels in the order of 10.0 ng/ml.
Chemotherapy-induced nausea and vomiting (CINV) is a major problem for many patients and therefore it may affect the quality of life. 1, 2) Chemotherapy-induced emesis is difficult to control completely because the emetic process is complex and many neuroreceptors are involved. Three distinct clinical forms of chemotherapy-induced emesis are acute, delayed and anticipatory. Cytotoxic agents are classified by emetogenic potential, to aid in selection of the appropriate antiemetic agents as having a high (Ͼ90% emetic risk), moderate, low or minimal potential for inducing emesis. The risk of emesis with cisplatin (м50 mg/m 2 ) is high. 3, 4) A combination of 5-hydroxytryptamine 3 (5-HT 3 ) antagonist plus dexamethasone (conventional antiemetic therapy) is recommended for the prevention of emesis after a high-dose cisplatin-based regimen. 3, 4) But, conventional antiemetic therapy have been less effective in improving delayed nausea and vomiting than acute nausea and vomiting. [5] [6] [7] While pathophysiologic processes of delayed and acute emesis differ, some patients who achieve complete control of acute nausea and vomiting also experience severe delayed emesis. Anticipatory or conditioned emesis may occur in patients who have had poor control of either acute or delayed emesis with prior chemotherapy. A progressive increase in the numbers of patients with symptoms of anticipatory emesis per chemotherapy cycle was noted. 8, 9) Thus, elevated state anxiety has been linked to both a greater risk for developing, but also to a reduced efficacy of behavioral interventions for treating, anticipatory nausea and vomiting (ANV). 10) Benzodiazepines, most commonly lorazepam and diazepam, have been administered as antiemetics to prevent ANV. 11, 12) There has been a case report on the use of clonazepam (a benzodiazepine) as an antiemetic. Koga et al. 13) reported that a patient suffered from refractory CINV despite extensive antiemetic therapy, but fully recovered after taking clonazepam. Hatae et al. 14) suggested that a four-drug combination of clonazepam, dexamethasone, metoclopramide and diphenhydramine prominently inhibited the cisplatin induced vomiting (87.5% of courses). But, the concentration of clonazepam that appeared to have activity in controlling chemotherapy-induced vomiting is unknown.
We analyzed an association between the serum concentrations of clonazepam and activity in controlling cisplatininduced delayed vomiting in patients who experienced cisplatin-induced vomiting despite conventional antiemetic therapy.
MATERIALS AND METHODS

Patients
The subjects were inpatients with lung cancer diagnosis, who experienced vomiting during the 5-d period after cisplatin-containing regimens despite conventional antiemetic therapy from February 2006 to July 2009 at Ise General Municipal Hospital. The same patients subsequently received clonazepam plus conventional antiemetic therapy in the next courses. Patients were excluded if there had been cisplatin or other cytotoxic agent dose reductions; a change for the worse of renal function; serum bilirubin more than 2.0 mg/dl; serum aspartate aminotransferase more than 3 times the normal value; serum alanine aminotransferase more than 3 times the normal value; a performance status (PS) according to Eastern Cooperative Oncology Group (ECOG) scale of above 2 15) ; the presence of uncontrolled brain metastases; seizure disorder; concurrent therapy with another benzodiazepines (unless given for night sedation) or antidepressants or antiepileptics; intake of St. John's wort; nausea or vomiting or the use of antiemetics in the 24 h before cisplatin chemotherapy; abdominal radiotherapy; and contraindications to clonazepam administration.
The study was performed in accordance with the Ethics Committee of our hospital according to the Helsinki Declaration of 1964 (revised in 2004). All patients gave informed consent.
Chemotherapy All patients were scheduled to receive cisplatin-based chemotherapy only on the first day (day 1) of treatment. Cisplatin was given as an intravenous infusion over a period of not more than 3 h. All schedules were repeated every 3 or 4 weeks.
Antiemetic Treatment Approximately 60 min prior to the start of the cisplatin on day 1, all patients received prophylactics against acute emesis with granisetron (3 mg) and dexamethasone (12 mg) diluted in 100 ml normal saline given as a slow intravenous injection over 60 min. All patients received prophylactics against delayed emesis with dexamethasone (4 mg) diluted in 100 ml normal saline given as a slow intravenous injection over 60 min from day 2 to day 4. Approximately 12 h prior to cisplatin patients began clonazepam (0.5 or 1.0 mg) orally on 1 d prior to chemotherapy (day Ϫ1). Patients took clonazepam (0.5 or 1.0 mg) orally at 21:00 h on the day of chemotherapy (day 1) and continued for days 2-4 following the next course of chemotherapy that occurred vomiting during the 5-d period after cisplatin-containing regimens despite conventional antiemetic therapy. Requirement of any other antiemetic treatment in spite of administering clonazepam was considered as an ineffective case of clonazepam therapy.
Response Assessment During the first 5 d (day 1-5), patients used a diary card to record the occurrence of vomiting episodes, any use of rescue therapy. Analysis of vomiting was performed separately for day 1 (acute episodes) and day 2-5 (delayed episodes). All patients were asked to complete a daily diary on day 1-5. These diary cards consisted of the number of vomiting episodes. Grade of vomiting was evaluated according to Common Terminology Criteria for Adverse Events Version 3.0. 16) Vomiting response (Nil) was defined as no vomiting and no rescue antiemetics in the overall 5-d study period following the administration of clonazepam. Vomiting recorded is defined as over one episode of vomiting or administering rescue antiemetics in overall 5-d study period following the administration of clonazepam. Grade of vomiting in the acute phase was assessed by a graded scale of vomiting on day 1. Grade of vomiting in the delayed phase was recorded as the worst graded scale of vomiting experienced during day 2-5.
Clonazepam Concentration Venous blood samples (5.0 ml) were collected from arm vein at 18 h after the clonazepam administration on day 2. Samples were collected in blood collection tubes and centrifuged at 3000 rpm at 25°C for 5 min. After centrifugation, serum was separated and kept frozen at Ϫ20°C until assay. The serum concentrations of clonazepam were determined by HPLC. The measurement of serum clonazepam concentrations was performed at SRL, Inc. (Tokyo, Japan). The lower limit of detection of serum clonazepam level was 3.0 ng/ml.
Statistical Methods Analysis of antiemetic efficacy in the acute/delayed phase was performed separately for the courses without or with clonazepam. Comparison between grade of vomiting in the courses of therapy with clonazepam and grade of vomiting in the courses of therapy without clonazepam in the acute/delayed phase was made using Chisquare for independence test. All tests were two-sided; pϽ0.05 was considered statistically significant.
RESULTS
Patient Characteristics
Patient's information is summarized in Table 1 Efficacy. The Assessment of Acute Emesis Table 3 shows grade of vomiting in the absence of clonazepam courses and the presence of clonazepam courses at the acute phase. A higher percentage of complete response in the control of vomiting was observed on day 1 in both courses, though the differences were not statistically significant (pϭ0.452, Chi-square for independence test). But, all patients in the absence of clonazepam courses in the acute phase failed to experience vomiting and did not require rescue. One patient (patient no. 4) in the presence of clonazepam courses experienced vomiting (grade 1 and 2) in the acute phase respectively.
The Assessment of Delayed Emesis Comparison between grade of vomiting in the courses of therapy with clonazepam and grade of vomiting in the courses of therapy without clonazepam in delayed phase showed that the grade of vomiting in the courses of therapy with clonazepam was significantly lower than without clonazepam ( pϭ0.013, Chisquare for independence test) ( Table 4) .
The Assessment of Efficacy of Clonazepam in Preventing Emesis and the Clonazepam Concentration
We investigated the relationship between efficacy of clonazepam in preventing chemotherapy-induced vomiting and the serum concentrations of clonazepam. Patients whose serum clonazepam concentrations were below limit of detection (3.0 ng/ml) experienced vomiting in three of three courses; but the patients whose serum clonazepam concentrations were more than 4.3 ng/ml experienced no vomiting in six of seven courses (Table 1) . DISCUSSION Emesis, measured by counting the number of vomiting episodes after cancer chemotherapy, is a most important clinical trial end point for studies of antiemetic drugs. Studies have documented 3) that the occurrence of complete response (no vomiting episodes and no rescue medications administered after cancer chemotherapy) is a highly accurate and reliable measure. The number of vomiting episodes after cancer chemotherapy was performed to evaluate efficacy of clonazepam as an antiemetic agent. During the first 5 d (day 1-5), patients used a diary card to record the occurrence of vomiting episodes. In these diary cards, all patients recorded their prevailing condition.
Koga et al. 13) reported that a patient suffered from refractory doxorubicin and docetaxel combination chemotherapy induced vomiting despite extensive antiemetic therapy, but fully recovered after taking clonazepam. In our study, all subjects experienced cisplatin-induced vomiting despite conventional antiemetic therapy. While the risk of emesis with doxorubicin and docetaxel is moderate, the risk of emesis with cisplatin is high. Similar to other reports, 5,6) a higher percentage of complete response in the control of vomiting was observed in this study on day 1 both in the absence of clonazepam courses and in the presence of clonazepam courses. But, all patients in the absence of clonazepam courses in the acute phase failed to experience vomiting and did not require rescue. One patient (patient no. 4) in the presence of clonazepam courses experienced vomiting (grade 1 and 2) in the acute phase respectively. Anticipatory emesis may occur in patients who have had poor control of emesis with prior chemotherapy. A previous episode of poorly controlled emesis during an absence of clonazepam course has been linked to a greater risk for developing anticipatory vomiting.
Clonazepam's action is mediated by gamma-aminobutyric acid (GABA) receptor interactions. Clonazepam is known to have not only anxiolytic, sedative and muscle relaxant effects but also an anticonvulsant effect. 17, 18) Clonazepam showed efficacy in preventing chemotherapy-induced vomiting, thereby reducing patient's anxiety, preventing the symptom of diaphragmatic and gastrointestinal myoclonus. 13) Myoclonic epilepsy was controlled with clonazepam levels of 20 ng/ml. 17) November 2010 1909 Data were compared statistically between courses of therapy without clonazepam and courses of therapy with clonazepam in the delayed phase (day 2-5) using the Chisquare for independence test. a) Grade of Common Terminology Criteria for Adverse Events Version 3.0.
The relationship between efficacy of clonazepam in preventing chemotherapy-induced vomiting and serum concentration of clonazepam should be evaluated by using the lower clonazepam levels. But, venous blood samples were collected at 15:00 h for reason due to work related convenience sampling.
The same clonazepam dose of 1.0 mg/d of each course for patient no. 3 yielded varied levels (Ͻ3.0, 4.9 ng/ml). This patient experienced vomiting (grade 2) at day 2 of the initial clonazepam (1 mg/d) course. He did not vomit in the night of day 1. The low clonazepam concentration (Ͻ3.0 ng/ml) of day 2 (15:00) was not caused by his poor oral bioavailability induced by vomiting of day 2. When we administered the same dose (1.0 mg/d) for each course, a difference was found between the first and second sample in clonazepam levels. But, the reasons for this difference of clonazepam levels is unclear.
The clonazepam dose of 1.0 mg/d (17.24 mg/kg/d) for patient no. 4 yielded a serum level of 4.3 ng/ml. His clonazepam concentration per dose ratio was lower than those of other patients. Due to the insufficient efficacy of clonazepam (1.0 mg/kg) as an antiemetic therapy, we inferred that increase of clonazepam dose is necessary for the control of vomiting for this patient.
Gender-related differences in diazepam pharmacokinetics were noted. Women had higher concentration levels for diazepam than men. 19) When the patients in this study were split according to gender (five men and two women), differences of ratios of levels (ng/ml) to oral doses (mg/kg) were insignificant.
Findings show there is little correlation between oral doses and the drug levels. The range of effective clonazepam concentrations is wide. 15, 20) We observed that the symptom of refractory cisplatin-induced delayed vomiting is controlled with clonazepam levels in the order of 10.0 ng/ml that would be lower than the level of clonazepam (20.0 ng/ml) that have been shown to control myoclonic epilepsy. Several studies 13, 14) have indicated the efficacy of clonazepam on CINV. In this study with small number (nϭ7) of patients we could define the first association between efficacy of clonazepam in preventing chemotherapy-induced vomiting and the serum concentrations of clonazepam. Further cross-sectional studies are needed to determine the relationship between clonazepam concentrations and the clinical outcome as an antiemetic therapy.
In conclusion, we report the efficacy of clonazepam in preventing chemotherapy-induced vomiting and the serum concentrations of clonazepam in lung cancer patients. We observed that the symptom of refractory cisplatin-induced delayed vomiting is controlled with clonazepam levels in the order of 10.0 ng/ml.
